SYNOPSIS A spicular arrangement of amyloid on the epithelial aspect of the glomerular basement membrane has been seen to a variable degree in silver-stained sections of renal biopsies in eight of 38 patients with amyloidosis. Electron microscopical examination revealed a spectrum ofappearances of the amyloid fibrils which would account for this finding. Only two of these eight patients had amyloidosis secondary to chronic infection, a much lower proportion than in the group as a whole. The possibility of confusion with membranous nephropathy is discussed with relevance to possible modes of treatment.
Spikes on the epithelial aspect of the glomerular basement membrane stained by hexamine-silver are considered pathognomic of membranous nephropathy (Ehrenreich and Churg, 1968) . Two cases of renal amyloid in which such spikes were seen, and a diagnosis of membranous nephropathy initially entertained, prompted a review of our renal biopsy material from patients with amyloidosis.
Methods
Renal biopsy material from 38 patients with renal amyloidosis was examined. 2 The presence of amyloid in paraffin-embedded sections was confirmed by the demonstration of specific yellow fluorescence following staining with thioflavine T (Vassar and Culling, 1959) and of yellow-green dichroism after staining with Sirius red (Llewellyn, 1970) and examination between crossed polars. Two-micron sections were stained by the hexamine-silver technique and examined carefully for the presence of spikes on the epithelial aspect of the basement membrane. Glomeruli were present in araldite-embedded material from eight of these cases. Ultrathin sections were cut on an LKB ultramicrotome, stained with uranyl acetate and lead citrate, and examined with an EM6M electron microscope.
Results
A spicular arrangement of silver-positive material ' 2The majority of these patients are included in a clinical study of renal amyloid (Triger and Joekes, 1973) . Received for publication 10 October 1972. on the epithelial aspect of the basement membrane was seen in eight of the biopsies (see Table) . The number of glomeruli affected varied considerably as did the morphology of the spikes. In the one case (case 44) in which all glomeruli were affected the histological appearance was indistinguishable from that seen in membranous nephropathy (Fig. 1) . In the others the spikes were fewer and/or coarser (Figs. 2 and 3 ). In one case (case 38) in addition to the foci of spikes there were other areas which appeared to be formed from fusion of a pallisaded array of parallel spikes (Fig. 4) . In those cases in which serial sections were available the spikes were shown to occur where amyloid was present.
In all nine specimens examined with the electron microscope the fibrillary nature of the amyloid (Cohen and Calkins, 1959) was confirmed. Three of these cases (cases 38, 44, and 45) were from patients in whom spikes had been seen with light microscopy (see Table) and in two cases (cases 38 and 44) a distinctive distribution of amyloid fibrils in parallel arrays arranged at right angles to the basement membrane could be seen (Figs. 5, 6, 7, and 8) . The lamina densa remained discrete in the region of amyloid deposition and there was no spicular extension of basement membrane material to account for the appearance in silver stains. Overlying epithelial cells showed extensive foot process fusion and prominence both of the Golgi apparatus and granular endoplasmic reticulum (Fig. 7) . In many areas the cell membrane of the epithelial cells appeared to be deficient in the region of the closely aggregated amyloid fibrils (Fig. 6 ). In the third case (case 45) glomeruli were extensively damaged and spikes had been very infrequent in the light microscope preparations. In the remaining five cases in which glomeruli were available for examination by 056 'Glomeruli very sclerosed electron microscopy occasional parallel arrays of amyloid fibrils were seen but these were more infrequent and blunter than those present in the cases in which silver-positive spikes were also seen by light microscopy (Fig. 9 ).
Discussion
The name membranous glomerulonephritis was introduced by Bell in 1946 to indicate the histological feature of glomerular capillary wall thickening seen in some patients with the nephrotic syndrome. As such the term is not a distinct entity since capillary wall thickening may be seen in diffuse diabetic glomerulosclerosis, amyloidosis, and systemic lupus erythematosus as well as in some varieties of glomerulonephritis. In 1957 Jones used the same term for a group of patients with the nephrotic syndrome in whom renal biopsy showed thickened capillary walls with conventional staining and silverpositive spikes on the epithelial aspect of the basement membrane in hexamine-silver-stained sections.
Subsequently Movat and McGregor (1959) using electron microscopy demonstrated processes of basement membrane material extending outwards between electron-dense deposits. Immunofluorescent studies demonstrated that these deposits contained immunoglobulins and complement (Mellors and Ortega, 1956; Lachmann, Muller-Eberhard, Kunkel, and Paronetto, 1962) . In its early stages this condition is focal and local in nature, and Ehrenreich and Churg (1968) have recommended that sections from all renal biopsies should be stained with hexamine-silver and routinely scrutinized carefully for the presence of spikes in order to detect early involvement. They also suggested substitution of the term 'nephropathy' for glomerulonephritis as inflammatory changes are not a significant histological feature. Even more recently yet another term, 'epimembranous' or 'extramembranous' nephropathy, has been proposed (Churg, Habib, and White, 1970) in which the subepithelial nature of the thickening is stressed.
The cases reported here demonstrate that the appearance of spikes is not, as hitherto thought, diagnostic of membranous nephropathy and emphasizes the importance of staining all renal biopsies for amyloid. The specific demonstration of amyloid remains a matter of debate since many techniques stain substances other than amyloid and the staining properties of amyloid itself change with increasing age (Lendrum, Slidders, and Fraser, 1972) . Many writers consider that yellow-green dichroism of Sirius-or Congo-red-stained sections viewed between cross polars is specific for amyloid (Cooper, 1969; Cohen, Calkins, and Levene, 1959) although Klatskin (1969) found similar fluorescence in many normal tissues. This non-specific green fluorescence was present in material which had been fixed in solutions other than neutral formalin (the fixative used in our laboratory) and was rarely seen when formalin fixation was used.
The uptake of stains often regarded as specific amyloid by postmature and pseudo-collagen (Lendrum, 1969; Lendrum, et al, 1972) is not frequently a problem in renal biopsy work as material is usually obtained early in the natural history of the disease before significant sclerosis of glomeruli would be expected to have occurred. Staining of adjacent sections with thioflavine T will give further help in the identification of amyloid (Klatskin, 1969) .
Although there have been no specific descriptions of spikes in renal amyloid, Movat in 1960 described (Fig. 4) and the electron micrographs were also very similar to those in our case. However, no mention of possible confusion with membranous nephropathy was made. Similar blunt spikes are pictured by Shirahama and Cohen (1967) who also drew attention to the apparent loss of epithelial cell membranes in this area (Fig. 6) . They postulated that this loss of membrane might represent sites of extrusion of amyloid manufactured within epithelial cells and ultrastructurally these cells certainly appear to be actively synthetic with prominent granular endoplasmic reticulum and Golgi apparatus (Fig. 7) . Amyloid is not usually stained by silver impregnation techniques but in most situations amyloid fibrils are arranged in a very haphazard manner and it is possible that the parallel arrangement of the amyloid fibrils in these cases has in some manner increased their affinity for silver.
The distinction between membranous nephropathy and renal amyloid is of more than academic importance on two accounts. Firstly proteinuria has been reported to disappear on treating the cause of the amyloid (Lowenstein and Gallo, 1970) and the rate of renal damage will certainly be decreased. Secondly, although some series have shown no response of membranous nephropathy to steroids either alone (Black, Rose, and Brewer, 1970) or in combination with azathioprine (Rose and Black, 1971) , small series in which there has been response to steroid therapy have been reported (Rastogi, Hart-Mercer, and Kerr, 1969; Bariety, Samarcq, Lagrue, Fritel, and Milliez, 1968) . The use of these drugs with their potentially dangerous side effects should be avoided whenever possible, and some workers even consider that steroids may actually accelerate the progress of renal amyloid deposition (Cohen, 1967) , although Maxwell, Adams, and Goldman (1964) found no evidence of either improvement or deterioration with this treatment.
The discovery of the spicular deposits in eight patients in a series of 38 with proven renal amyloid involvement is of considerable interest from the point of view of the possible aetiology in the patients with this finding. From the electron microscopic 6L D. Ansell and A. M. Joekes evidence it is clear that the spicular deposits seen with silver staining represent amyloid deposition and not ibasement ,membrane-like material situated in relation to antibody-antigen complexes as is classically seen in membranous nephropathy. In renal amyloid the fibrils are usually arranged in a rather haphazard manner within the mesangium and on both aspects of the lamina densa of the basement membrane (Shirahama and Cohen, 1967) , and, although blunt spikes of somewhat parallel amyloid fibres have been illustrated in earlier papers (Movat, 1960; Shirahama and Cohen, 1967) , this particular arrangement has not been commented on.
Although no morphological or histochemical characters of amyloid have hitherto satisfactorily permitted separation of the various clinicopathological syndromes, recent work has shown that the fibres of amyloid may be derived from different serum protein constituents. In amyloid secondary to either prolonged antigenic stimulation or plasma cell dyscrasia the fibrils are derived from the variable part of light chains (Glenner, 1972) . In the various primary amyloid syndromes the protein from which the amyloid fibrils are derived is unknown. It is thus of considerable interest to note that in four of the patients with spikes the presumptive diagnosis is primary amyloid, in one familial Mediterranean fever, in one amyloid associated with rheumatoid arthritis, and in two secondary amyloid presumed to be due to underlying infection (pulmonary tuberculosis). It is striking that only two out of the eight patients in whom the spicular amyloid deposition has been found were patients with secondary amyloid, for in the series of 38 patients, 25 were secondary amyloid, eight were diagnosed as primary amyloidosis, and five had familial Mediterranean fever. It could thus be that the spicular arrangement of amyloid fibril is a feature of fibrils not derived from light chains.
